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httpAn optimized retroperitoneal approach for open
aortic repair by partially removing the tenth rib
without incising the pleura and diaphragm
Yuewei Wang, MD,a,b Lijia Cui, MD,a,c Fangda Li, MD,a Bao Liu, MD,a Changwei Liu, MD,a and
Yuehong Zheng, MD,a Beijing and Shandong, China
The ninth intercostal thoracoretroperitoneal incision is the most common approach for open repair of suprarenal
abdominal aortic aneurysm or abdominal aortic dissection, which necessitates incision of the pleura and diaphragm and
may lead to cardiorespiratory distress postoperatively. We optimized this approach by partially removing the tenth rib,
bluntly dissecting the diaphragm from its costal edge, and retracting the diaphragm superiorly. We successfully performed
this approach in three patients with pararenal abdominal aortic aneurysm, abdominal aortic dissection, or renal artery
aneurysm. Based on our experience, this approach allows easy exposure of the suprarenal aorta and avoids thoracotomy,
which would potentially beneﬁt patients’ prognosis. (J Vasc Surg Cases 2016;2:95-100.)Suprarenal abdominal aortic aneurysm (AAA) and su-
prarenal abdominal aortic dissection (AAD) occur rarely
in the population compared with infrarenal AAA or infrare-
nal AAD but are associated with a high surgical risk,
considering the possible ischemic renal injury during the
suprarenal aortic clamping.1 The repair of suprarenal
AAA and AAD is generally performed by either open repair
or endovascular aneurysm repair (EVAR), and open repair,
although more invasive, is more applicable for cases with
challenging morphologic features and cases with other re-
strictions.1,2 Currently, the most common approach for
open repair of suprarenal AAA and AAD is the ninth inter-
costal thoracoretroperitoneal incision.3 This approach al-
lows full exposure of the upper abdominal aorta but
necessitates incision of the pleura and diaphragm and inva-
sion into the thoracic cavity, which may lead to cardiorespi-
ratory distress postoperatively. In this report, we developed
an optimized retroperitoneal approach by partially
removing the tenth rib without incision of the pleura and
diaphragm, and we have successfully performed this
approach in three patients. To our knowledge, this is the
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METHODS
Patients. Patient 1 is a 64-year-old woman admitted
to our emergency department with an abrupt onset of
abdominal pain and a history of poorly controlled hyper-
tension (Fig 1). Physical examination revealed slightly
active bowel sound. Preoperative computed tomography
angiography (CTA) showed a pararenal abdominal aortic
dissecting aneurysm (Fig 1, A). Patient 2 is a 27-year-old
man diagnosed with Marfan syndrome (Fig 2). He was
admitted to our department with lower abdominal dull
pain lasting for the past 3 years. On examination, a palpable
mass was found in the midlower abdomen. Preoperative
CTA showed a pararenal AAD and AAA in a tortuous
conﬁguration, in which the left renal artery originated from
the false aortic lumen and the right one was supplied from
the true lumen (Fig 2, A and B). Patient 3 is a 56-year old
man admitted to our department with an asymptomatic
abdominal pulsatile mass found 3 years ago and a history of
well-controlled hypertension (Fig 3). On examination, a
pulsatile mass was found in the midleft abdomen. Preop-
erative CTA revealed an infrarenal AAA and left proximal
renal artery aneurysm (Fig 3, A). All patients have given
consent to publish their images and information for
research purposes.
Surgical procedures. We performed open repair on
three patients through an optimized retroperitoneal
approach, followed by open aneurysmectomy, bifurcated
prosthetic graft replacement, and left renal artery recon-
struction (Fig 4). Under general anesthesia, the patient
was placed in a right lateral decubitus position, over a
vacuum-operated bean bag, for a retroperitoneal incision
(Fig 4, A). The incision originated from the intersection of
the tenth rib and the midaxillary line and extended infer-
omedially to the lateral border of the rectus muscle midway
between the umbilicus and the pubis. The external oblique95
Fig 1. Patient 1 with pararenal abdominal aortic dissection (AAD) and abdominal aortic aneurysm (AAA). A, Pre-
operative computed tomography angiography (CTA) showed a pararenal AAD with a patent false lumen and AAA. The
celiac axis, superior mesenteric artery, and right renal artery were supplied from the original aortic lumen. The left renal
artery was supplied from the false lumen. B, Postoperative CTA showed renal arteries, celiac trunk, and superior
mesenteric artery without dilation and dissection. C, The incision originated from the intersection of the tenth rib and
the midaxillary line and extended inferomedially to the lateral border of the rectus muscle midway between the um-
bilicus and the pubis. D, The tenth rib was partially removed to expose the upper abdominal aorta without incising the
pleura and diaphragm. E, The suprarenal aorta, left renal artery, and common iliac artery were dissected and controlled
with vessel loops. F, The aneurysm was replaced with a bifurcated graft, and the left renal artery was reimplanted.
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oblique and transversus abdominis muscles were transected
in the same plane with electrocautery. The dissection was
carried laterally in the left quadrant, and the retro-
peritoneum was entered as laterally as possible to avoid
entering the peritoneal cavity. To expose the suprarenal
abdominal aorta without invading the thoracic cavity, thetenth rib was partially removed, and the diaphragm was
dissected bluntly from its costal edge and retracted supe-
riorly without any incision. The suprarenal aorta was then
dissected and encircled with a vessel loop. The left kidney
was mobilized anteromedially to approach the aorta from
behind the left renal artery (Fig 4, B). The dissection was
then carried down to the level of the aortic bifurcation to
Fig 2. Patient 2 with Marfan syndrome (pararenal abdominal aortic dissection [AAD] and abdominal aortic aneurysm
[AAA]). A, Preoperative computed tomography angiography (CTA) showed a pararenal AAD and AAA with a
tortuous conﬁguration. The left renal artery originated from the false aortic lumen, and the right one was supplied from
the true aortic lumen. B, The dissection is above the oriﬁce of the left renal artery. C, The tenth rib was dissected. D,
The tenth rib was partially removed. E, The suprarenal aorta, superior mesenteric artery, right renal artery, and left renal
artery were dissected and controlled with vessel loops. F, The aneurysm was replaced with a tube graft and a bifurcated
graft, and the left renal artery was reimplanted to the graft.
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100 U/kg was administered. After clamping of the aorta
between the left and right renal arteries and clamping of
the common iliac arteries at their proximal ends, the
aneurysm sac was opened longitudinally from below the
right renal artery to the common iliac artery. Bleedinginferior mesenteric artery and lumbar arteries were over-
sewn with polypropylene sutures. The proximal anasto-
mosis of the aorta was dissected obliquely between
the right and left renal artery. The left kidney was cold
perfused with University of Wisconsin ﬂuid. The prosthetic
graft was then end-to-end anastomosed to the proximal
Fig 3. Patient 3 with abdominal aortic aneurysm (AAA) and left renal artery aneurysm. A, Preoperative computed
tomography angiography (CTA) revealed an infrarenal AAA and left proximal renal artery aneurysm. B, Postoperative
CTA showed renal arteries, celiac trunk, and superior mesenteric artery without dilation and dissection. C, The incision
originated from the intersection of the tenth rib and the midaxillary line and extended inferomedially to the lateral
border of the rectus muscle midway between the umbilicus and the pubis.D, The suprarenal aorta, left renal artery, and
common iliac artery were dissected and controlled with vessel loops. E, Y-graft was used to reconstruct the left renal
artery. F, The aneurysm was replaced with a bifurcated graft, and the left renal artery was anastomosed to the Y limb of
the graft.
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then either reimplanted onto the graft in the button
technique (Fig 1, F and 2, F) or reconstructed with Y-graft
replacement (Fig 3, E and F). The distal ends of the
bifurcated graft were then end-to-end anastomosed to
bilateral common iliac arteries, respectively. Bifurcated
(18  9 mm and 16  8 mm) grafts (W. L. Gore &Associates, Flagstaff, Ariz) were used in patient 1 and pa-
tient 3, and a tube (20-mm diameter) Hemashield graft
(Boston Scientiﬁc, Wayne, NJ) and a bifurcated (18 
9 mm) graft (W. L. Gore & Associates) were used in pa-
tient 2. With protamine at a dose of 0.5 mg/kg, the sys-
temic heparinization was neutralized, and the abdominal
wall was closed in a standard method.
Fig 4. The schematic diagram of the surgical procedure. A, The patient was placed in the right lateral decubitus
position. The incision originated from the intersection of the tenth rib and the midaxillary line and extended infer-
omedially to the lateral border of the rectus muscle midway between the umbilicus and the pubis. The tenth rib was
partially removed. B, The diaphragm was bluntly dissected from its costal edge and retracted superiorly. The left kidney
was mobilized anteromedially to approach the aorta from behind the left renal artery. The abdominal aorta was fully
exposed from the origin of the celiac trunk down to the proximal ends of the common iliac arteries. C, The aneurysm
was replaced with a bifurcated graft, and the left renal artery was anastomosed to the Y limb of the graft. The back wall
of the aorta was left undissected to minimize injury to the lumbar and iliac veins.
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All three patients presented no major complications,
such as paraplegia, renal failure, or cardiorespiratory
distress, after the surgery (acute parameters are summa-
rized in Supplementary Table). All of them remained well
at their 36-, 22-, and 8-month follow-up evaluations
without incisional hernia or long-term vessel restenosis.
Completed arterial reconstructions were conﬁrmed by
CTA (Fig 1, B and 3, B).
DISCUSSION
The repair of suprarenal AAA and AAD is necessary but
challenging, considering the rupture risk of the aneurysm
and surgical risks, such as postoperative paraplegia and
ischemic renal injury.1,4 In some cases of suprarenal AAA
and AAD, open repair is more appropriate than EVAR,
such as when lesions are not located in an optimal site
for EVAR or another condition limits the applications of
EVAR.2 For example, patient 1 was admitted to the emer-
gency department, and limited equipment made EVAR less
practical to perform in such an urgent situation; patient 2 is
of a young age with a long expected life span, and those
newly developed EVAR techniques have not yet been eval-
uated for long-term effect; and patient 3 has a complex
morphologic feature, and open repair allows better preser-
vation of the renal function with University of Wisconsin
ﬂuid perfusion. For these reasons, we preferred to perform
open repair rather than EVAR in those three cases.
Current approaches for suprarenal AAA and AAD are
not ideal. Among various retroperitoneal incisions, the ninth
intercostal space thoracoretroperitoneal incision is most
commonly used3; it outperforms other approaches because
of the ease of fully exposing the suprarenal aorta, but it ne-
cessitates incision of the diaphragm and pleura and may thus
lead to cardiorespiratory distress. To date, a variety of opti-
mized procedures have been developed to minimize this
drawback, including less extensive thoracotomy and avoid-
ance of left hemidiaphragm paralysis, but signiﬁcant mortal-
ity rates ranging from 3% to 20% have still been reported.5,6
We optimized this approach by partially removing the tenth
rib without incision of the diaphragm and pleura, which af-
fords full exposure of the suprarenal aorta without invading
the thoracic cavity. In our experience, this approach would
potentially reduce the risk of cardiorespiratory distress and
may beneﬁt patients’ prognosis.Supplementary Table. Information of patients during the pe
Patient 1 Pat
Time to extubation 46 hours 21 hours
Preoperative eGFR 151 mL/min$1.73 m2 106 mL/m
Postoperative eGFR 121 mL/min$1.73 m2
(1 day after surgery)
97 mL/m
(1 day a
eGFR, Estimated glomerular ﬁltration rate was calculated using the Chronic KidThere are also several limitations in this study. For
example, we have tested this approach in only three pa-
tients with a maximum follow-up of 36 months so far.
Conclusions about a deﬁnite improvement of outcome
could not be hastily drawn, and future studies should
examine the long-term effect of this approach in more pa-
tients with appropriate indications.
CONCLUSIONS
To fully expose the upper abdominal aorta in patients
with suprarenal AAD or AAA without incision of the pleura
and diaphragm, we developed an optimized retroperitoneal
approach by partially removing the tenth rib, bluntly dis-
secting the diaphragm from its costal edge, and retracting
the diaphragm superiorly without any incision. We success-
fully performed this approach in three patients, followed by
open aneurysmectomy, graft replacement, and renal artery
reconstruction. All three patients remained well during
postoperative follow-up, without paraplegia, renal failure,
cardiorespiratory distress, or long-term restenosis. In our
experience, this approach allows easy exposure of the su-
prarenal aorta and avoids thoracotomy, which would
potentially beneﬁt patients’ prognosis.REFERENCES
1. Illuminati G, D’Urso A, Ceccanei G, Caliò F, Vietri F. Surgical treat-
ment of pararenal aortic aneurysms in the elderly. J Cardiovasc Surg
2007;48:705-10.
2. Ouriel K, Tanquilut E, Greenberg RK, Walker E. Aortoiliac morpho-
logic correlations in aneurysms undergoing endovascular repair. J Vasc
Surg 2003;38:323-8.
3. Acher CW, Wynn M. Thoracic and thoracoabdominal aneurysms: open
surgical treatment. In:Cronenwett JL, JohnstonKW, editors. Rutherford’s
vascular surgery. 8th ed. Philadelphia: Saunders; 2014. p. 2102-25.
4. Jonker FH, Schlösser FJ, Moll FL, Muhs BE. Dissection of the abdominal
aorta. Current evidence and implications for treatment strategies: a review
and meta-analysis of 92 patients. J Endovasc Ther 2009;16:71-80.
5. Bicknell CD, Cowan AR, Kerle MI, Mansﬁeld AO, Cheshire NJ. Renal
dysfunction and prolonged visceral ischaemia increase mortality rate after
suprarenal aneurysm repair. Br J Surg 2003;90:1142-6.
6. Kieffer E, Chiche L, Godet G, Koskas F, Bahnini A. Type IV thor-
acoabdominal aneurysm repair: predictors of postoperative mortality,
spinal cord injury, and acute intestinal ischemia. Ann Vasc Surg 2008;22:
822-8.
Submitted Nov 12, 2015; accepted Feb 25, 2016.rioperative period
ient 2 Patient 3
16 hours
in$1.73 m2 90 mL/min$1.73 m2
in$1.73 m2
fter surgery)
69 mL/min$1.73 m2 (1 day after surgery)
90 mL/min$1.73 m2 (10 days after surgery)
ney Disease Epidemiology Collaboration equation.
